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Monitoring antigenemia is useful in guiding treatment of severe
cytomegalovirus disease after organ transplantation

',

kP.van den Ber A.M.Tegzess2, A.Scholten-Sampson', J.Schirm3, M.van der Giessen', T.H.The',
and W. J. van Son9.2
I

Institute for Clinical Cell Biology (ICCB), Department of Clinical Immunology, and

'Renal Transplantation Unit, University Hospital, Oostersingel59, NL-9713 EZ Groningen, The Netherlands
Regional Public Health Laboratory, Groningen, The Netherlands
Received June ll,1991/Received after revision July 18,19911Accepted August 28.1991

Abstract. We investigated the value of monitoring CMV
antigenemia during and after antiviral therapy for CMV
disease. During the study period, 10out of 214 renal transplant recipients were treated for CMV disease, receiving a
total of 14 courses of treatment. Antigenemia decreased
within 7days after onset of treatment in eight of nine
courses associated with a rapid clinical recovery. In three
courses with a slow or absent response, antigenemia levels
initially increased. Monitoring antigenemia was helpful in
differentiating persisting CMV disease from other opportunistic infections and rejection. Relapses of CMV disease
were preceded by rises in antigenemia. Viral isolation became negative within 3 days after initiation of ganciclovir,
irrespective of the clinical response. Antigenemia is a
marker of the effect of ganciclovir on CMV replication in
vivo. and its monitoring may be valuable in the management of patients with severe CMV disease.
Key words: CMV, in renal transplantation - CMV antigenemia monitoring- Ganciclovir, in renal transplantation
Cytomegalovirus (CMV) is the most frequent infectious
complication after solid organ transplantation and occurs
in 50%-60% of all patients. Although asymptomatic or
mild in many cases, 5%-20% of these infections cause
severe disease manifestations [21, 24, 251. Uncontrolled
studies have suggested that ganciclovir (DHPG) is valuable in the treatment of severe CMV disease [lo, 11,16,18,
19,24,27,29]. However, insufficient responses to antiviral
therapy occurred in about 10%-15% of the patients
treated [13]. These failures might have been caused by delayed initiation of therapy, inadequate dosing, or true drug
resistance [121. Alternatively, persisting symptoms could
have been a result of coinfection by other opportunistic organisms or by simultaneous allograft rejection. Relapse of
symptomatology after cessation of therapy can occur in up
to20% ofaIIpatients[lOJ.In thissituation,relapseofCMV
activity should again be differentiated from other compliOffprint requests to: A. l? van den Berg

cations. Clearly, an objective parameter to monitor the effects of antiviral therapy on CMV replication would be
very helpful in the management of patients with severe
CMVdisease.Viralisolationmethods have limitedvaluein
this regard because processing times may last from 1 day to
1or more weeks, and cultures often become negative within a few days after the onset of treatment, in patients with
both favorable and unfavorable outcomes [ l l , 16,20,29].
Recently, we developed the CMV antigenemia assay:
a rapid, sensitive, and quantitative method based on the
detection of CMV antigens in peripheral blood leukocytes
by immunoperoxidase staining [5]. The number of CMV
antigen-positive leukocytes was shown to be closely related to the clinical course of disease in the individual patient. Patients with severe CMV disease had higher maximum numbers of antigen-positive leukocytes than those
with asymptomatic or mild infection [ l , 31. Preliminary
observations by ourselves and others suggest that antiviral
treatment gradually reduces the level of CMV antigenemia [20,28]. In this report we describe the effect of ganciclovir on CMV antigenemia levels in ten renal allograft
recipients treated for severe CMV disease. Our results indicate that monitoring antigenemia may be helpful in detecting insufficient responses, in analyzing the mechanism
of treatment failure, and in differentiating CMV relapse
from other causes of renewed symptoms and, thus, enable
individualization of antiviral therapy.

Materials and methods
Patients and tnanagemeni
Clinical and virological data were reviewed for all patients receiving
a renal (n= 211) or combined renal-pancreatic ( n = 3) transplant between September 1987 and January 1991. Details on baseline immunosuppression, diagnosis, and management of rejection have been
described elsewhere [l]. No hyperimmune globulin (HIG) or highdose acyclovir were given as a prophylactic measure against CMV.
All patients were monitored for CMV infection during the frist
8-12 weeks after transplantation using the antigenemia assay, viral
isolation from blood and urine, and serology.

102

Table 1. Baseline characteristicsand risk factors in ten patients with 14 episodes of suspected severe CMV disease. C, Cyclosporin A; P, prednisolone; A, azathioprine; MP, methylprednisolone; ATG, antithymocyte globulin
Patient
No.

AgelSex

Serostatus

Immunosuppression

No. of rejections

Antirejection therapy

1
1'
2

33M

-

2

MP; MP+ATG

63M
54M
52M

-

CPA
CPA
ATG-bCP
C-bCP
CPA
CPA
CPA
CP
OKT3-bCPA
OKT3-bCPA
CP-PA
PA
CPA
CP-bCPA

3

4
4=
4b

5

6
7
8

47M
41/F
23lF
46M

8"

9
10

29M
32M

+

-

-

-

Generally, no specific measures were taken in asymptomatic
CMV infection; immunosuppression was lowered as a first measure
in patients with CMV disease.
Ganciclovir was given to 16 patients. Six received pre-emptive
antiviral treatment because of simultaneousasymptomaticCMV infection and steroid-resistant rejection; four of these cases have been
reported elsewhere and these patients were excluded from the present analysis [4].Ten patients were treated because of CMV disease
that was judged to be life-threatening or severe and that persisted
despite reduction of immunosuppression;they form the study population of this report. ?\Noof these patients received HIG (Cytotect,
Biotest) as an additional therapeutic measure. A high number of
CMV antigen-positive leukocytes per se was not an indication for
antiviral therapy. Ganciclovir was administered in a dosage of
5 mgkg twice daily, adjusted according to the manufacturer's prescription and drug levels (as measured by HPLC) in case of impaired
renal function. Duration of treatment was 14 days, although this
period could be adjusted according to the clinical status of the patient. During treatment patients were examined daily and had daily
monitoring of complete blood count with differentia1as well as renal
and liver function tests.

Virological methods
Tests for CMV antigenemia and antibodies were done once weekly
and, during treatment with ganciclovir, twice weekly; viral isolation
from blood and urine was done once weekly.
CMV antigenemia was determined as previously described [l].
In short, peripheral blood leukocyteswere isolated,cytocentrifuged,
and incubated with a mixture of two monoclonal antibodies directed
against the 65 kD CMV lower matrix protein, followed by immunoperoxidase staining. The number of antigen-positive cells per
50000 polymorph nuclear leukocytes (PMNs) was counted in duplicate. Presence of at least one CMV antigen-positiveleukocyte in one
or both slides was regarded as a positive result.
CMV viremia and viruria were determined by the rapid coverslip
culture method previously described and by a conventional isolation
technique based on the demonstration of a cytopathological effect
[221*
Serological diagnosis was based on quantitative determinations
of IgM and IgG antibodies against CMV late antigens by an ELISA

~41.

Definitions
CMV infection was diagnosed by the presence of antigenemia, viremia, andlor seroconversion (in the case of primary infection) or a
significant rise in IgG antibodies (in the case of secondary infection).

1
1

MP-+ATG
MP+ATG

2

MP; MP+ATG

1

MP

1
1
1

MP
MP
MP-bATG

-

-

A positive antigenemia result that was not confirmed by culture or
serology was regarded as false-positive.
CMV disease required the presence of CMV infection in combination with compatible clinical symptornatology. Histological evidence of organ involvement was obtained when possible. Other infectious causes were excluded using appropriate procedures.

Statistical methods
The x2 test was used to evaluate the data. A level of P lcss than 0.05
was considered to be statisticallysignificant.

Results
CMVinfection and outcome

CMV infection was diagnosed in 114 of the 214 patients
studied; 27 were primary and 87 secondary infections.
Antigenemia was detected in 99 patients; 96 of these subsequently proved to have CMV infection. In eight patients
asymptomatic secondary infection occurred in the absence of antigenemia. The remaining ten infections occurred after discontinuation of antigenemia monitoring
and were diagnosed serologically: these were also asymptomatic secondary infections. Antigenemia was generally
the first available marker of CMV infection, appearing
most often before the onset of symptoms.
CMV disease occurred in 24 of the 27 patients with primary infection and in 12 of the 87 patients with secondary
infection. Severe CMV disease prompted treatment with
ganciclovir in nine patients with primary and one patient
with secondary CMV infection; in addition, four cases of
suspected relapse of CMV disease were treated again. The
clinical and virological characteristics of these ten patients
are shown in Tables 1and 2.
In the treatment group, one death and one additional
case of graft loss occurred in'association with CMV disease. No CMV-related death or graft loss occurred in patientsin whom treatment of CMV disease was not deemed
necessary.
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Table 2. Clinical manifestations and duration of therapy in ten patients with 14 episodes of suspected severe CMV disease. F, Fever; A, arthralgia; H, hepatitis; L, leukopenia; Th,thrombocytopenia;P, pulmonary symptoms; p, pericarditis;R, renal dysfunction; G,gastrointestinal
symptoms

Patient
No.
1
la
2

Period of disease (days
after transplantation)
37-53

Symptoms

Period of treatment
(days after transplantation)
45-63
77-86
49-74

(75-80)
38-73

F,A, H;Th
ER
F,A, H,Th

3
4

58-72
38-53

F,P. H
ER

4'
4b
5
6
7
8
8'

78-81
135-136
81-88
33-35
31-33
72-80
123-127

F,P
F,A
F,G
F,P
EL,Th

80-93
136-150
84-96
35-47
32-46
79-1 07
126-140

9
10

197-214
3342

F,R, G, H, L,Th
F,A, H

212-225
41-54

F,R
F

63-72
43-57

CMV antigenemia levels in untreated and treated patients
CMV antigenemia levels were generally low ( < 10 per
50000 leukocytes) before the onset of symptoms but rose
to high levels during the period of CMV disease. In untreated patients with primary infection, maximal antigenemia levels rose to a median of 70 (range 2-437) positive cells per 50000 leukocytes. Clinical improvement,
accompanied by decreasing antigenemia levels, occurred
simultaneously with the rise in CMV antibodies.
In patients treated for primary CMV infection, mean
antigenemia levels were 46 (range 5-921) positive cells at
the onset of treatment, comparable to those of untreated
patients. However, these levels were still rising in most
patients and many of them had no evidence of antibody
responses at the onset of treatment.
CMV antigenemia levels in the single patient treated
for secondary infection were higher (308 positive cells)
than in untreated symptomatic or asymptomatic CMV infection [3 (range < 1-94) positive cells versus < 1 (range
G282) positive cells, respectively]. No clear influence of
donor serostatus on outcome of secondary CMV infection
was evident, but donor serology was available for only
32 % of these patients.
Effect of ganciclovir treatment on clinical symptoms
Clinical efficacy of ganciclovir could be evaluated in 12 of
the 14 courses of treatment (Table 2). Before treatment,
symptoms of disseminated CMV infection were present in
all, often accompanied by signs of organ involvement.
After the initiation of antiviral therapy, rapid improvement occurred in 9 of the 12 evaluable courses, as evidenced by the disappearance of symptoms and signs of
disease within 1-5 days. In 2 courses recovery occurred

Remarks
Slow onset of therapeutic response
Symptoms caused by rejection
Concomitantly treated with hyperimmune
globulin; fatal infection
Concomitant fungal infection
Slow onset of therapeutic response; relapsed
after discontinuation of treatment
Relapsed after discontinuation of treatment

Relapsed after discontinuation of treatment
Concomitantly treated with hyperimmune
globulin
Relapsed after discontinuation of treatment

only slowly (after 9 and 11 days) and response was minimal in 1 course: this patient died from CMV-related
gastrointestinal hemorrhage after 25 days of treatment.
The clinical response to treatment could not be completely evaluated in two courses. In one course, symptoms
were caused by rejection, while in the other coexistent disseminated fungal infection impeded analysis of the contribution of ganciclovir to recovery. Virological responses
during both courses have been included in the analysis,
however.
Effect ofganciclovir on CMVantigenemin (Table 3)
At the onset of antiviral treatment, CMV antigenemia
levels were mostly high and rapidly rising. During 10 of
the 14 courses of treatment, the number of antigen-positive cells dropped sharply within the 1st week, while in the
remaining4 courses (patient nos. 1,2,4, and 7) CMV antigenemia continued to rise and decreased only during the
2nd or 3rd week of treatment. CMV antigenemia became
undetectable on at least one occasion during 7 of the
14 courses, after a median of 12 (range 7-21) days of therapy. In the remaining 7 courses, generally low levels of
antigen-positive cells remained present.
Clinical responses were evaluable in eight of the ten
courses associated with a rapidly occumng decrease in
CMV antigenemia level. In these courses, recovery occurred a median of 2 (range 1-5) days after initiation of
therapy.
In one of the four courses associated with initially rising
CMV antigenemia levels (patient no. 7), symptoms had
disappeared after the 2nd day of treatment. In the other
three courses, symptoms persisted for 9, 11,and 25 days,
respectively.

1

2

11

A

BC

uc

+
-

A

4

uc

-

A

97

uc
48

9

A

45

+

-

135

263

347

206

+

+
+

BC

77

4p

-

+

BC

4A

+

+
+

50

98

-

4 0

282

348

-

15

<1

-

+

-

77

c1 0

-

66

2

5

-

37

14

5

-

1 1

3

+
-

t

5

-

-

150

<1

2

c1

<1

<1

BC

uc
5

227

A

+

BC

uc
6

-

uc
A

10
(ctd)

A

BC

uc

-

-.

0

3

14

123

47

27

-

+

1

71

154

7

-

Changes in CMV antigenemia levels during the 1st
week of treatment paralleled the clinical response in 11 of
12 evaluable cases (x2= 4.5, df= 1, P < 0.05).
In the patient with combined CMV and fungal infection (no. 3), antigenemia levels rapidly dropped under
antiviral therapy. Fever persisted for 10 days after initiation of ganciclovir. This delayed disappearance of symptoms might have been caused by the slow response to antifungal drugs.

113

3

23

-

0

<1 0

-

-

-

+

BC
7

-

0

A

0 1

+

+

+

<1

2

<1

-

Viral isolation during treatment with ganciclovir (Table 3)

Viremia was present before the onset of treatment in 14
and viruria in 6 courses. During treatment, only 2 of 31
blood cultures and 2 of 24 urine cultures were positive:
cultures became rapidly negative in patients with both
rapidly and slowly occurring clinical responses. Blood
samples became culture-negative even when CMV antigenemia levels were still high: 11of 13blood cultures from
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samples with more than ten antigen-positive cells per
50000 PMNs remained negative, whereas in untreated
patients such levels of antigenemia are associated with
positive cultures in more than 70% of all cases (data not
shown).
Antigenemia viremia after treatment:differentiation
of relapse from other infections or rejection

Renewed symptoms after cessation of antiviral therapy
occurred in seven courses. Relapse of CMV disease was
diagnosed in four of these seven courses (patient nos.4twice-8, and 10). All relapses were accompanied by rises
in antigenemia levels. Shortly before the onset of symptoms of CMV relapse, antigenemia levels were 97,50, 13,
and 40 positive cells, respectively. In three cases renewed
treatment with ganciclovir rapidly resulted in reduced
antigenemia levels and clinical recovery. Spontaneous recovery occurred in the remaining case.
Although CMV antigenemia was often present for
many weeks or even months after treatment in patients
without relapse of CMV disease, the number of antigenpositive cells never rose above 8 per 50000 PMNs in such
cases.
Viremia recurred in all four relapsing patients but was
also present after six of nine evaluable courses of treatment without clinical relapse.
In three cases, renewed symptoms were accompanied
by low numbers of antigen-positive cells. In patient no. 1,
fever and declining renal function were initially thought to
be caused by relapsing CMV disease. However, treatment
with ganciclovir reduced antigenemia levels to even lower
levels, while fever continued and renal function declined
further. At that moment, renal biopsy showed interstitial
rejection, and treatment with rnethylprednisolone rapidly
led to the disappearance of fever and the recovery of graft
function. Symptoms were caused by Staphylococciis aureiis sepsis in patient no.3 and vascular rejection in patient
no. 8, respectively.
Thus, in patients with renewed symptoms after antiviral treatment, CMV antigenemia levels were helpful in
differentiating between relapse of CMV disease and other
causes of symptoms.
Discussion

In previous studies, we and others have demonstrated that
the CMV antigenemia assay is a reliable tool for the early
detection of CMV infection and for the identification of
patients at risk for severe CMVdisease [l-3,7,8]. We now
report on the value of antigenemia during treatment of
severe CMV disease. Although antigenemia ultimately
declined in all patients, the kinetics of this response were
different in patients with rapid and slow clinical recovery,
and changes in the number of antigen-positive leukocytes
closely paralleled clinical responses to treatment. Relapses of CMV disease were accompanied - and, in fact,
preceded - by increasing antigenemia levels. These data
support the notion that antigenemia is a marker of the
momentary viral load and suggest that the assay can be
used to measure the effect of antiviral treatment.

Management of CMV disease may be relatively
straightforward in some patients who show rapid clinical
improvement and are cured by a standard 2-week course of
treatment. However, as is evident from this and other
studies, complicating factors are present in a significant
number of patients. These are: (1) slow or absent response,
(2) CMV relapse, and (3) superinfection or rejection.
Monitoring antigenemia will be valuable in determining
optimal management, especially in these “difficult” cases.
When no clinical improvement occurs despite antiviral
therapy, rising antigenemia Ievels would suggest continued
CMV disease activity, while decreasing levels would re;
duce the likelihood of CMV being the cause of symptoms
and lead one to search for other infections or allograft rejection. In combination with drug levels, CMV antigenemia might provide insight into the mechanism of treatment failure. High numbers of antigen-positive cells in the
presence of low drug levels would suggest underdosage,
while highdruglevelswouldbeexpectedincasesofdrugresistance. Unfortunately, drug sensitivity could not bedeterminedat the timewe treatedthepatientwithfatalCMVinfection. However, because viremia disappeared while the
patient was under treatment, complete resistance toganciclovir seems unlikely. Moreover, ganciclovir resistance
generally develops only after severalmonths of therapy [9].
Ganciclovir only temporarily interrupts viral replication; it cannot induce latency. Thus, clinical relapse may
follow discontinuation of treatment and has been reported to occur in 20% of cases [lo]. Monitoring antigenemia after treatment is useful for early detection (and
possibly for pre-emptive treatment) of relapsing CMV
disease because antigenemia levels higher than 8 per
50000 PMNs occurred only in association with clinical relapse. Conversely, renewed symptoms in the presence of
low numbers of positive cells should prompt a search for
alternative causes.
Relapses after discontinuation of ganciclovir occurred
irrespective of the initial antigenemia response. This is not
surprising since the effect of treatment on viral replication
is primarily determined by susceptibility of the viral stain
in combination with ganciclovir levels, whereas host immunity is necessary to maintain latency after stopping
treatment, It is our impression that relapses of primary
CMV disease occur in patients having quantitatively low
IgG responses against CMV after the initial IgM response.
This will be an important subject for further study because
it may provide a way to individualize antiviral therapy.
The effects of ganciclovir on CMV antigenemia and
viral isolation were quite different. Even in patients with a
rapidclinicalresponse toganciclovir, it took at least 1 week
for antigenemia to disappear completely (in fact, CMV remained present during 7 of 14 courses), while 6 of 8 blood
cultures were negative on day 3 and 14 of 16 were on day 7,
which is in line with observations by Ravello et al. [20].
Negativity of viral isolation under antiviral therapy was
an early marker of ultimate recovery from infection, except in the patient with fatal infection. However, close
monitoring of CMV antigenemia provided valuable additional information, as discussed earlier.
Detection of viremia in both rapid and conventional
cultures relies on complete viral replication, while infec-
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tion of PMNs in vivo is limited to the immediate early (IE)
stage [6]. Ganciclovir interrupts viral DNA synthesis,
which occurs during the late (L) stage, but does not influence the earlier stages of replication. Thus, viral isolation will be inhibited but expression of IE antigens in
PMNs will not be directly influenced. The gradually de:
clining number of antigen-positive leukocytes during antiviral treatment probably reflects the reduced amount of
infectious virus formed elsewhere in the body. It should be
noted that persistence or reappearance of viremia during
ganciclovir treatment has been documented to occur: this
was associated with poor therapeutic responses and
should probably be regarded as a manifestation of highgrade drug resistance [12,17].
The close correspondence between clinical response
and antigenemia pattern, which we also observed in liver
and cardiac transplant patients, suggests that in at least
these groups of patients, clinical improvement is mediated
by the interruption of CMV replication. This is in contrast
to observations in allogenic bone marrow transplant
patients with CMV pneumonitis, in whom progressive
respiratory dysfunction and death occurred despite elimination of CMV from cultures of respiratory secretions and
other body fluids [23]. It is tempting to speculate that in
these patients CMV triggers immunopathological mechanisms (e. g., recruitment of CD4 + lymphocytes or complement activation) that are relatively independent from
active virus replication [15,26].
No controlled studies on the effect of ganciclovir on
severe CMV disease in solid organ transplant recipients
have been reported to date and so the efficacy of the drug
cannot be regarded as proven. AIthough this study was
not intended to examine the therapeutic usefulness of
ganciclovir, our data present new evidence of its efficacy.
The close correlation between changes in CMV antigenemia levels and clinical response during antiviral treatment strongly suggests that these improvements were indeed caused by ganciclovir.
In conclusion, monitoring of antigenemia during treatment of severe CMV infection is useful for early identification of patients with insufficient responses, for analysis
of the mechanisms of treatment failure, and for detection
of relapse. Close monitoring, using both antigenemia
assay and host immune responses (e.g., by serology), may
prove that a fixed treatment period of 14 days of ganciclovir may be too short for some patients, too long for
others (i.e., patients with rapid clearance of CMV and a
brisk immune response), and just right for still others. U1timately, this may lead to “tailor-made” antiviral therapy.
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